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ABSTRACT

‘I’his paper presents initial results that demonstrate the end-to-end operation of the Micro-l’recision Interferonl-
eter (M PI) testbed. The  testbed is a full-scale model of a future s; lace-based  interferometer, containing all the
spacecraft and support systems necessary to perform an ast rometric measurement. The primary objective of the
testbed is to provide an end-to-end problem to evaluate al]d integrilk  new intcrfcrorneter  technologies, such as
vibration isolation, structural quieting, active optics, and metrolog, v systems. This paper shows initial testbed
functionality in t er]ns  of the ultimate performance metric: stabilization of stcllal fringes (from a pseudo star). The
present incarnation of the evolving testbed uses afringetrackerand  pointing control subsystem to stabilize the fringe
position to the 72 nm (l{ MS) level in the presence of the ambient lal)oratory  seismic noise environment which is a
factor of 10 higher than that expected on-orbit. These encouraging preliminary results ccmfirm  that the MI’I testbed
provides an essential link between the extensive ongoing ground-t lased interfmmneter technology development
act ivit ies and the technology needs of future spaceborne int erferom[  ters.
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1. lNJ’llOl)lJCTJON

For the last several years, the Jet Propulsion 1,aboratory  (J 1’1,)  Control Structures Interaction (CSI) Program
has been developing new vibration attenuation techncJogies  requ  ired by future precision optical space missions. This
effort originated by identifying the need  for such technologies as a result of derivins the requirements for the Focus
Mission lntmferometer] (11’MI);  a space-based, 30 m base] ine, pari ial aperture telescope, The control approach
evolved from the ensuing FM1 conceptual clesigm. Figure 1 presents t he fundamental approach in terms of the three
vibration attenuation layers; vibration isolation, structural cluietinp,,  and active optics. ‘l’he basic strategy, referred
to as the “layered” control approach, is to isolate vibrating machinery at the point of attachment, damp specific
undesirable structural modes  that limit optical control system bandwidths, anti finally to actively control specific
optical elements to achieve the clesired  optical performance. ‘l’his pa~,cr focuses primarily on the CSI Program’s latest
advancements in the active optics layer.

The CSI l’hasc: H testbed providecl the first hardware
validation of the layered control strategy. The goal for this
3 m cantilevered truss structure was to stabilize an optical
pathlength to the nanometer-level in the presence of a
single-axis shaker input disturbance using a single-axis
vibration iso]ation  stage, a number ofactivc and passive
structural damping struts, and an active optical d~!lay line.
The results indicated a factor of 5000 attenuation from
input disturbance to output optical pathlength, with out-
put variations on the orcler of 5 nm (RMS)2.  ‘J’he  next
logical step was to validate the layered control approach in
hardware on a complete  end-to-end instrument. ‘I’his led
to the desi~n  and assembly of the Micro-Precision interfer-
ometer (Ml’] ) testbed3,

The MI’I testbed is a ground-based, suspended harcl-
ware model of a future space-based interferometer located
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at JPI,. The primary objective of the testbcd is to perform the syste]  n integration of CSI technologies required to
demonstrate the end-to-end operation of a space-based interferometer. In addition, the testbecl  allows benchmark
comparisons of com pcting control technologies (e.g., 6-axis isolatio]i  syste]lls)  under similar conditions, using a
realistic optical performance metric.

Fi~ure 2 shows how the testbed provides a critical link between ground-based interferometry  and future space-
based interferomctry  missions. The optical design evolved from a gr(mnd-based  operational interferometer (Mark

4 ‘l’he desi~l~ and integration of the complexoptical  systemIII) which is bolted to bed rock on the summit of Mt. Wilson .
with a lar~e, lightly damped flexible structure draws heavily from the CSI Phase 1 I experience with regard to control
structure interaction issues. The testbed dimensionally and  dynamically is representative of a number of future
interferometer missions that are presently at the conceptual desip, n phase. ‘J’wo future interferometer mission
concepts that will benefit directly from this effort will be the Orbiting Stellar lnterferonwter  (0S1 )5 and the Precision
Optical lnt,erferometer in Space (POINTS)6.  ‘I’he testbed can addr{ss  different interferornetry  mission needs by
reconfiguring the relative location between the disturbance sources i~nd  the quiet optical components. This paper
focuses on the configuration representative of the 0S1 mission.

0S1 is a mission concept for a first-generation space interferometer with astrometric and imaging goals. The
approach uses three collinear Michelson interferometers, each define[l  by a pair of collecting apertures or siderostats,
to perform parcsec-level  astrometric measurements and milliarcscc-level ima~in[t  of the heavens. Rather than
depend on accurate base body pointing of the entire spacecraft as wil h full aperture systems (e.g., 11ST) this design
utilizes high bandwidth optical sensing (metrology systems) and 1 Iigh bandwidth control of optical elements to
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Figure 2. 7he role of M[’1 in the spaceborne in tcrjerotne tery technology devcloptnen t pt-ocess.



achieve precision pc)inting  requirements. l;nd-to-end
instrument astrometric performance depends on four
factors: (1 ~ the number of photons, (2) the instrument’s
effect ive col lect ing aperture diameter ,  (3)  the
instrument’s ability to suppress vibrations of critical
optical elements, and (4) relating the measurements
from the three interferometers to one another. This
p a p e r  f o c u s e s  primarily on (3). Instrument design
ultimately is a trade-off between maximizing baseline EEcT~[RO””’  .F~]
length (2) and creating a vibration  attenuation  (3) and F A S T  STEERIN3  ;’–- >5

the sensing (4) challenge that is solvable. MIRROR PZ 1 STACK -- . %
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Michelson int,erfer-cnneter  observing a stellar source. ,
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The active  optical layer contributes significantly to the ~ - ___ ~-=-,  ~, -J ~E~~
bottom-line vibration attenuation challenge: stabilize COMIIINER

and measure the stellar fringe position down to the 10- fi’igure 3. Stcllor opticdi p(]th jior a Michc[son intetfcrotncter.
nanometer (RMS) level. Fringe stabilization to this
level implies the light path from thestar,through  onear~o  oftheinterfcrometer  (S,l,2,3,4,5,6,7,8,9in  Figure 3)equals
the light path from the star, through the other arm of the interfe~ ometer (S,1’,2’,3’,4’,5’,6’,7’,8’,9’,9 in Figure 3).
Stabilization of the resulting interference pattern at the bealn combin er(component  9 in l’igure  3) requires successful
operation oftwo optical subsystems: the pointing control subsystem and the fringe  tracking subsystem. The pointing
control subsystem independently points each interferometer arm at the same target star by articulating the
respective siderostat (1 or 1’) and fast steering mirror (4 or 4’) based on the two stellar images from the pointing
camera. Once each interferometer arm is “looking” at the same star, the frirlge  detector (see Figure 3) can measure
stellar fringe position. The fringe tracking subsystem stabilizes the fringe positicm it] the presence of spacecraft
disturbances and rigid body motion. The fringe tracker subsystem hi is a sin[;le  actuator in one of the interferometer
arms which is the high bandwidth, high dynamic range active delay line (5, 6, 7 in FiCure  3). This actuator translates
linearly, introducing an optical path delay, as commanded by the fri~lge detector, in order to equalize the two optical
paths.

I;ach of the three colinear 0S1 interferometers stabilizesthe  stellar fringes of a sl~ecific star. Two interferometers
(guide interferometers) stabilize the fringes of bright target stars. ‘~llese inter fel-orneters  provide a high bandwidth,
yarcsec-level  measurement of the attitude of the instrument’s coliTlear  baselines. The bright target stars provide
ample signal level for the guide interferometer pathlenglh  and pointing control subs.ystems. The third interferom-
eter (science interferometer) observes the dim science object. A complex laser metrology system I89 relates the
measurements from the three interferometers to one another at th( nanometer level.  The spacecraft contains two
metrology systems: an internal system to Inonitor  internal pathlength  changes (from the collecting aperture-1, 1‘,
to the beam combiner-9 in Figure 3) and an external systmn  to measure flexible body motions of the three baselines
relative to one another. The high scnsin~ bandwidths prcwidcd by the laser met rc)logy system and the two guide
interferometers produce the feedback signal for the path length a] Id pointin~  control subsystem actuators of the
science interferometer.

The M}’] testbecl  is dimensionally a full-scale model of 0S1. ‘1’l)e  testbcd cc)ntains  all the necessary systems to
perform a space-based astrometric measurement. These systems include a 7 m x 7 m x 6.5 m softly suspended truss
structure with the necessary mounting plates for subsystem hardware, a six-axis vibration isolation system which
supports a reaction wheel assembly to provide a flight-like in]]ut  disturbance source, a complete Michelson
interferometer, internal and external metrology systems, and a sta]  simulator that injects the stellar signal into the
interferometer collecting apertures. This paper emphasizes the o])eration  of the Michelson interferometer which
functions as a guide interferometer. Figure 4 compares the present MPI configuration with the 0S1 mission concept
in terms of top-level system parameters and requirements. The o] lly majc)r difference in top-level requirements is
the pointing stability. This is because the collecting aperture diameter for OS] is a factor of 10 greater than the
collecting apcniure cliameter for MP1 (30 cm, 30 mm, respectively).



A number of system parameters ~nake the stabiliza-
tion of stellar fringes in the gmund-basecl  laboratory
more challenging than on-orbit. The attitude of the Ml’]
testbed, which is determined by a passive three-point
suspension system, can vary as much as a few degrees
from day to day compared with the arcmin  accuracy of
the 0S1 basebody control system. in addition, the M PI
disturbance environment has an additional contribu-
tion from the ambient lab seismic vibrations. As shown
in the results section, the ambient variation in stellar
fringe position is a factor of 10grcater  than that expected
on-orbit (-10 pm vs. -1 pm). The major contributors to
this motion are the rigid body oscillations of the struc-
ture ancl motion of the star simulator which sits on the
lab floor. The majority of this energy is be]ow 1 IIz. l’his
paper addresses the problem of stabilizing stellar frirlge
position in the presence of this ambient laboratory noise
environ ment.

2. ‘1’FX3TIiEI ) CONI’TIGUIW1’ION

Figure 5 shows a bird’s-cye  view of the MI’I testbed.
‘I’he six-axis isolation system, located at the base of the
tower, isolates the testbed’s reaction wheel  disturbances
from the truss structure. ‘l’he optics boom contains all
the interferometer optical components and will be the
focus of the remainder of the papm. The interferometer
observes a pseudo star that resides on a 4-n~ optics table
situated parallel to the optics boom. Finally, the exter-
nal metrology boom supports the metrology hardware
necessary to measure the relative position (in three
dimensions) of the interferometer baselines. ‘I’his will
become important when the second baseline is added to
the testbed.

Figure 6 zooms in on the optics boom and traces the
stellar optical path through the star simulator and
testbed optical train. The included schematic diagram
of the same region calls out imj~ortant  optical con~po-
nents. In addition, the inset in Figure 6 indicates the
changes in the stellar beam cross section at the respec-
tive locations along the optical path. l’he  following
discussion traces the stellar optical path through the
system. For  further details on the optical system, see
reference 10.

‘l’he “star” source is the laser head of a commercial
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laser interferometer system that sits on a pneumatically suspen{l ed optical table. ‘1’he laser output is a 6-mm-
diameter beam with two orthogonally polarized beams that differ i]] frequency by 1.8 MIIz,  The beam diameter is
expanded to 30 mm and then divided by a polarizaticm-sensitive bearnsplittcr.  A nulnbcr of fold mirrors direct each
of the two polarization-specific beams to a final fold rnirl-or located near the respective interferorneter collecting
aperture location. The final fold mirror, which directs the stella?  beam from the table to the M1’I structure, is
mounted on a support that overhangs the suspended strucLure,  to provide vm-i ical feecl to the siclerostat.
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The two intc}rferometer  beam paths experience symmetrical reflections in the two interferometer arms on the
testbed. ‘l’he following traces the “inboard” beam path (collecting aperture on the right-hand side of the figure)
without loss of generality. The two-axis gimbaled  siclerostat  mirror contains a l?-mm-cliameter  retroreflector  used
by the internal metrologysystem. ‘J’hcrefore,  the beam leaving the siclerostat consists of an annular stellar beam and
a central infrared metrology beam. A90/10beam splitter picks otTIO% ofthisbcam andsenclsit to a coarse acquisition
sensor, used by the siderostat to initially acquire the star. The remaining light travels to the 2-axis, high bandwidth
fast steering mirror which sends the light into the active delay line,

The output beam from the active delay line reflects off three fol [] mirrors, sending the beam to the “outboard”
plate (closest to the collecting aperture on the left-hand sicle). The I bird fold mirrcr directs the beam to the beam
combiner where the beam from the inboard siderostat is reflected to join the transmitted beam from the outboard
siderostat. After the beam combiner, the central region of the combined stellar beams passes through the hole in
the annular pickoff mirror to a fringe detector as a single beam wit] 1 two orLhogon  al components with frequencies
that difTer by 1.8 Mllz and phase that depends on the optical path of each. The detector, a standard receiver for the
commercial interferometer, produces a 1.8-MIIz  heterodync signal with a phase that varies as the 01’1) of the stellar
beams changes. The annul arpick-offmirrorr  eflects the outer region ( 30-n]m 01)  and 25-n]m 11)) of each stellar beam
and directs them to a CCD camera.

In addition to the stellar beam, two independent internal metrology beams trace the internal paths (from beam
combiner to siderostat corner cube) of each interfero]neter  arm. In c+mtrast  to the visible stellar beam, the internal
infrared metrology system is a two-pass system. Beam launchers, i n close proximity to the beam combiner, inject
the respective metrology beams into the system through holes bored in neighboring fold mirrors.

Finally, the outboard optical path has an additional l-arc-minute annular weclge that contains a central hole that
corresponds to the pick-off mirror hole diameter. This causes the out{r  annular rc~ion  of the beam from the outboard
siderostat to be offset by 1 arc minute while the center portion passes through undeviated. Thus, at the pick-off
mirror, the central portions of the two beams are parallel while the ollter regions diverge at an angle of 1 arc minute.
The two reflected annuli are brought to a fc)cus on the CC]) camera ‘J’he wec18c therefore enables a simple means
to sense wave tilt error in the optical system with a single sensor.

3. 1’OINTING  H)NJ’ltOl~ SI.J13SYSTlfM

The purpose of the pointing control subsystem is to ensure that e: Lch arm of the interferometer points at the same
target star. Equivalent y, this subsystem guarantees the wave fronts from the two co] lcctirrg apertures are parallel.
Achieving this function is a ncccssa~y  prerequisite to stabilizing stellar frin~;es. The MI’] pointing subsystem must
stabilize the stellar centroid  position to a small fraction of the cliff raction limit of the imaged spot. The pointing
requirement istherefore (N30mrn)  *. I = 2.1 }Lrads.  Since each arm of theinterferomcterm  ust independently’’point”,
each arm has a stand alone pointing control subsystem. Figure 7 shows the pointins control subsystem for one arm.

This subsystem has two actuators: the low-bandwidth, large-angle siderostat, and the high-banclwidth,  precise,
fast steering mirror. As in the case of the eventual 0S1 mission, the ]nain  function of the MI’] siderostat is to acquire
the star. Once accluired,  the siderostat  is locked dc~wn during the observation periocl.  Therefore, the fast steering
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mirrors arc the pointing control subsystem disturbance rejection a(tuators. T}le MI’I high voltage fast steering
mirror has a bandwidth of 1 kIIz  and an angular range of +/- 35 al csecs. Three symmetrically orientated piezo
actuators position the mirror, providing tip and tilt motion.

‘l’he sensor for the pointing control subsystem is a high-frame-rat{ 32 x 32 pixel CC] ) camera. The camera screen
is divicicd in half so that each arm of the interferometer has an assi{:ned  re~ion  on the camera to be imaged. This
is possible due to the annular wedge discussed in Figure 6. Jhrring closed loop operation, only a 5 x 5 pixel window
is transferred from the camera to the processor enabling high saml]  Ie rates. The dedicated processor for this loop
calculates x, y centroid values for this 5 x 5 image at 4 kll~.

The control loops to maintain the desired x and y centroid positic)n  are completely decoupled over the frequency
range of interest. For this initial effort, the compensator is a sim]]le first-order low-pass filter. l’he unity gain
frequency for the loop (both axes) is [30 Hz. The digitally inlplernented compensator spits out an x and y command
signal to an analog decoupling circuit, which transforms the (XC, yc) CO1 nmand signals into three drive voltages for the
fast steering mirror.

All four loops (inboard x, y, outboard x, y) have the same comperl sator. Ovcr  the cIc-30 IIz frequency range, the
total loop transfer functions for these loops are identical. When these bandwidths irlcrease with the introduction of
the reaction wheel  disturbance, this will probably nc)t be true.

Figure 8 shows an open loop power spectral density cjf the outboard y centroid position in response to the lab
ambient environment. Note that the majority of the energy is below 1 lIz due to the rigid body modes of the suspended
truss and the motion of the star simulator table. ‘I’he plot also indic:ites the amkjient  disturbance level drops below
the camera noise floor above 10 IIz. For  this data set, the total ope]l loop spot ]notion  is .747 }Lrad (Rh’IS)  which is
below the required pointing stability. This suggests the pointing c~mtrol subsystem is not necessary to reject the
ambient disturbance environment. Elowever,  rigid body testbed nlotion  over long time periods (i.e., hours) easily
introd  uccs enough pointin~  error to justi(y the closed loop system.

Fig;ur-c 9 shows the results of a pointing control subsystem experi  ment.  I\etwcm~ t =. O to 7 seconds, the plot shows
ambient disturbances which include a moving star (-l-2 1 Iz), a s~aying structure (--1 lIz), air conditioning unit
vibrations (-30 IIz)  . . . I lowever,  at t = 7 seconds, the loops arc clos[d  and the ccntroid position locks to the desired
] 58 pixe] set poirlt,  positiol],  rejecting al] disturbances. The pointin$;  control suhsystcrn improved angular  stability
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from 2.35 pracl (RMS)  open loop, to .27 prad (RMS) closed loop. With the two inter-fcrolneter  arms locked onto the
same star, the fringe tracker subsystem can now function.

4. FRINGE  lR.ACKIIYG SUHSYS’JWM

The purpose of the fringe tracking subsystem is to equalize stella] pathleriglh from the target star through each
arm of the interferometer to the point they are combined. The hIIPI fringe tracking subsystem (and the 0S1
subsystem) must stabilize the optical path difference in the twoarrns [r equivalently the stellar fringe position down
to 10 nm (RMS), This subsystem consists of two nested closed loops} stems, each with a dedicated sensor and each
using the same actuator in a different manner. Figyrre 10 shows a block diagram of M}’1’s fringe tracking subsystem.

The “inner” loop is also referred to as the internal path length co] ,trol  subsystet n. The purpose of this loop is to
precisely maintain the desired optical delay as commanded by the fringe tracker (outer loop). ‘J’he actuator for this
subsystem is the active delay line which actually consists of three ne$ted  actuators. q’his three-tiered actuator acts
as a Iinearlytranslating  retroreflectorwith  tremcmdous  dynamic ran~e. A stepper motor provides low frequency,
long travel capability (m). An intermediate voice coil actuator translates (cm) the entire cat’s-eye  assembly in the
mid-frequency range (dc -100 Hz). A reactuate piezosupporting the secondary mirror proviclesthe  high bandwidth
(kl Iz) precise actuation stage (wn). Analogous  to the siderostat  actuat or of the pointiTIG ccmtrol  subsystem, the coarse
stepper motor is used primarily to slew and acquire a new stellar fri nge. Once acquired, this stage is locked down
and the other two stages provide the actuation necessary tc) reject cl isturbances  dLI ring! an observation.

The sensor for the inner loop is the IR metrology system, used to monitor internal pathlength changes from the
beam combiner to the respective siderostat mounted corner cubes (see Figure 6). With the custom electronics, this
two-pass system can measure the relative delay line position to within 2.5 nm.  l’he inherently digital laser counter
board provides internal pathlength updates at 8 k}I~,  to the dedicated pathleng+h control processor. ‘J’his processor
implements the fourth-order pzt and fourth-order voice coil cornpens:itors  which have bandwidths of 650 Hz and 100
lIz, respectively. This processor spits out two command signals to the active delay line: one to the voice coil and one
to the pzt.

The outer loop or fringe tracker looks at the inner loop as an extremely precise, high-dynamic range, high-
bandwidth actuator (see Figure 10). The sensor for this lcmp is the fringe detector. ‘J’he planned 0S1 system views
white light sources which have a unique central fringe. In contrast, the MI’] star uses a visible laser which repeats
every 633 nrn. With respect to acquiring the stellar fringe and sensing its positiorl,  the white light source requires
modulation of the active delay lineto enable measuring frinp,e amplitude and phase. ‘l’his adds additional complexity
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to the fringe  tracker sensor and actuator comparecl  to that required by the prcsen  t MI’] visible heterodyne systc]n.
This system references all fringe motion to the position at the time the fringe  tracker be~an  measuring fringes and
calls that the central fringe. All subsequent optical path clifference  variations are wit,h respect l,othisinitial  measured
position. It is important to note that this simplified fringe tracking sy:tem does not chance the disturbance rejection
approach to stabilizing stellar fringes.

The MPJ frin~e  detector provides fringe position measurements at 8 kHz.  l’hcw measurements are difference
with the desired fringe position (0) to create the error signal to ttc fil t.ered by the fringe tracker compensator. ‘he
bandwidth of the frinse tracking loop is 100 IIz. The compensator is a simple first-order low-pass filter implenmnted
on a dedicated fringe tracker processor. The output of this filter is the command si~r]al to inner loop.

Figure 11 shows an open loop power spectral density of Ml’] flinge position in response to the lab ambient
environment. Note that the majority of the energy is below 1 }Iz due to the rigid boc]y modes of the suspended truss
and the motion of the star simulator table. The  ambient fringe motion is 5.66 IIJO (]{ MS) which violates the 10 nm
(RMS)bya factor of 500. Simulation studies offuture spaceborne inte]  ferometermissions  preclict  the open loop fringe
motion to be on the orcler of 1 ~lm (RMS)]  ]. l’hereforc,  in orc]cr to achieve the 10 IIm (RMS) attenuation level in this
noisy ground-based laboratory (see Figure 11), the fringe tracking subsystem ]nust have significant disturbance
rejection ability at low frequency.

Figure 12 shows measured fringe position under three clifferent  conditions. The first 22 seconds shows the open
loop response to the lab ambient disturbances. The open loop mckio]l is 10 Urn (RMS). Retween 22 and 37 seconds,
theinnerloop  wasclosedon itsown. Note that in this configuration (with theouterloop  open) theinner]oop  maintains
a constant internal path length. Thus, the instrument looks,  like a rigi[l structure fronl the fringe detector perspective.
This configuration removes all fringe position motion that results from the resonant structure but still has fringe
position motion frcm  many other sources: rigid bociy motion of the structure, static deformation of the floor (and
therefore change in star position), atmospheric disturbances and dynamics of the optics table. All of these factors
can be secm in this time period. At t:= 37 seconds, the outer loop was closed. 1 n this ccmfiguration,  the fringe tracker
subsystem stabilizes fringe position to 72 nm (RMS) in the presence of the lab ambient disturbances.

5. TR.ANSFER FUNCTION IU’;SUJ ,7’S

Although the clorninant  vibration source for spaceborne interfel ometers is from the spacecraft reaction wheels,
which are characteristically narrow-band in nature, a convenient means of assessing disturbance rejection is
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measuring a broad-band transfer function from disturbance input to sensor output. Figure 13 shows the shaker
input mounting location (collocated with the reaction wheel)  and the fringe detector output location used for these
measurements. Figure 14 shows the open loop transfer function. l:ach of the vibration attenuation technologies
targets a different frequency range with the collective goal cjf recluci~ ,g the entire transfer function (see dashed line
in Figure 14). This corresponds to shaker (or equivalently reaction w}wel)  disturbances not being measurable at the
fringe detector.

Figure 15 compares the open loop transfer function with the tr:msfer function measured with an operational
pointing control subsystem and fringe tracker subsystem. Ncte (he  significant amount of attenuation at low
frequency. ‘J’he  fringe tracker loses its effectiveness around 100 IIz  (the unity gain frequency for this subsystem).

Finally, Figure 16 shows initial results from the
combination of two technology layers: active optics and
activdpassivc 6-axis vibration isolation. ‘I’he same
transfer function was measured with an operational six-
axis vibration isolation systern7”2  and the active optical
system from k’igure 15. This initial measurement shows
how these two layers complement each other. in the low-
frec~uency region, all the disturbance rejection comes
from active optics. Both  layers contribute to the vibra-
tion attenuation in the 10 -100 IIz frequency range.
Beyond the bandwidth of the active optics (100 Hz) all
the disturbance rejection is due  to the vibration isolation
system .

& IWJ’ITJJU3  WOILK

‘l’he end-to-erld  performance of the MPI testbed
continually improves. At submission tin-m of this paper,
the stability of the closed loop fringe position improved
from 72-rim (RMS) to 26 nm (RMS)  k~ytuning a few of the
compcmsatord esi{~ns.  ‘l’his will continueullti] the 10 nm
(RMS) requirement is demonstrated with the vibrating
reaction wheel.
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‘J’he next major’ configuration change to the evolving
MP1 testbed will be the addition ofa second interfmom-
eterbaseline.  q’his will enable the evaluation of the fecd-
forward strategy to pointing a science interferometer,
using attitude information from the guide interferome-
ter ancl the metrology systems. In the near term, the
star simulator may be upgraded to a white light source.
This would require the corresponding up~radc in the
fringe detector.

Finally, these encouraging preliminary results con-
firm that the MPI  testbcd provides an essential link
between the extensive ongoing ground-based interfer-
ometer technology development activities and the tech-
nology needs of future spaceborne interferometers. The
most immediate prospect for a spaceborne interferom-
eter is the Stellar Interferometer l’ethnology F,xperi-
ment (SITl~)]3  presently under evaluation for the in
Space TechnologyNxperimentProgram  (In-STIW).  S1’I’E
proposes to fly a single Michelson interferometer in the
cargo bay of the Shuttle. ‘l’he dimensions, component
count, vibration attenuation challenge, and technical
approach are extreme] y similar to the MPI system.
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